Nestling diet of Japanese Wagtails (Motacilla grandis) was investigated by the neck ligature method and compared with the food availability in their feeding habitat during the breeding season of 1999 in Higashi Hiroshima, western Japan . Nestling diet comprised of 85.5% insects, 14.2% arachnids and 0.3% chilopods in individual number basis. Odonata order comprised nearly one-fourth of the diet in dry weight basis. Diptera, Lepidoptera, Coleoptera, Orthoptera and Arachnida were also important contributors to the total prey weight. Chironomidae and Ephemeroptera families were the most numerous prey items but their contribution to the total prey weight was small. Electivity indices indicated that the Japanese Wagtail prefer certain prey items (Libellulidae, Tipulidae, Dytiscidae) when collecting prey for the nestlings.
Introduction
The Japanese Wagtail is an endemic bird in Japan (Yamashina et al. 1974) . It is also one of the well-studied birds in Japan (Haneda & Shinoda 1969 , Hirano 1981 , Nakamura 1982 , Higuchi & Hirano 1983 , Higuchi & Hirano 1989 , Ohsako & Yamagishi 1989 . However, except for brief studies by Kiyosu (1978) and Higuchi & Hirano (1989) , comprehensive study on the nestling diet of Japanese Wagtail is lacking. Even in these studies, specific food consumed and their availability in the environment was not compared. Therefore, the objectives of this study were to determine the nestling diet of the Japanese Wagtail and their food preference in the environment.
Study Area and Methods
Four pairs of Japanese Wagtails occupied adjoining home ranges along the traffic route. Nests were made in Polly Vinyl Chloride pipes inserted into the protective walls along the traffic route and were easily accessible. Each pair raised two broods during the breeding season. We used neck ligatures (Bures 1986 ) on 31 of these nestlings to collect the food. The collected foods were preserved in 70% alcohol in the field . The values of E were arbitrarily subdivided into ranges to describe the magnitude of selection by the method of Schreck & Moyle (1990) : -1.00--0.50 strong avoidance, -0.49--0.26 moderate avoidance, -0.25-+ 0.25 neutral selection, + 0.26-+ 0.49 moderate selection, +0.50-+ 1.00 strong selection. Neutral stage represents a situation in which a species uses food resources approximately in proportion to their availability. Electivity values in the moderate and strong ranges indicate important behavioural avoidance or selection of a food resource. Preferences were determined only for the food that occurred Prey items were identified by books of Iconographia Insectorum Japonicorum Colore Naturali Edita Volumen 1-111 (Inoue 1959 , Nakane 1965 , Syoziro 1965 , Atlas of Freshwater Saprobic Organisums (Sladecek 1991), Pictorial Encyclopedia of Spiders in Japan (Chikuni 1989) and Classification of Insects (Shiraki 1954) .
Results

Composition of the nestling diet
Twelve prey orders and twenty-nine prey families were identified in the nestling diet. Odonata, Diptera, Lepidoptera Coleoptera, Orthoptera and Arachnida orders were the most important prey by dry weight. Major contributors were dragonfly larvae Orthetrum triangulare melania, spiders Lycosa coelestis and Zelotes asiaticus, grasshopper species Gonista bicolour and adult crane flies Tanyptera jozaoe. Chironomidae and Baetidae were the most numerous families in the nestling diet. These two families made up 34.2% of the total number of prey, but accounted for only 2% of the total dry weight.
Insect prey dominated the diet and accounted for 90.3% of the total dry weight. Arachnida accounted for 9.8% of the total dry weight. Chilopoda formed an insignificant component of the diet. Contributions of insect larvae were high both in weight and number (Table 1) . Japanese Wagtails exhibited food preference when selecting prey for the nestlings. They showed a strong selection for Libellulidae, Tipulidae, Dytiscidae and Locustidae families. These families had high positive Electivity index values. Japanese Wagtails showed a moderate selection for spiders belonging to Lycosidae and Gnaphosidae families. Small and numerous prey belonging to Baetidae and Tetrigidae families were selected in comparison to their availability in the habitat. These families had low positive Electivity index values. Chironomidae, Anthomyiidae and Gerridae families that were present in high numbers in the foraging habitat had negative values (Table 2) . Various animals (i. e. small mollusks and tadpoles) present in high numbers in the foraging habitats were not recorded as the nestling diet. There was a positive correlation between Electivity index Discussion Composition of the nestling diet These results are in broad agreement with other studies, which shows that insects are the most important prey for the Japanese Wagtail (Higuchi & Hirano 1989 , Kiyosu 1978 . However, there is a great difference in the food items between these studies and the present study. Kiyosu (1978) described Plecoptera and Tricoptera as the main diet of the Japanese Wagtail. Higuchi & Hirano (1989) observed that the Japanese Wagtail fed on small fish during the breeding season. Such food items were not observed in the nestling in this study. It is known that parent birds bring to young birds different food according to their age, early or late nesting, and depending on the specific food supply in the environment (Schifferli 1972 , Bures 1986 ). Insects of Plecoptera order are associated with fast flowing clean rivers and are often restricted to highly oxygenated water (Sladecek 1991). Although insects of the Tricoptera order are found in a wide range of fresh water habitats, they were not recorded in the samples collected from the foraging habitats. Thus, the absence of Plecoptera, Tricoptera and fish in the nestling diet could be due to the absence of these prey items in the foraging habitat of the Japanese Wagtail. Higuchi & Hirano (1989) observed that Japanese wagtail spent 96.6% of total prey capture attempts on ground feeding. This corresponds well with our data that larvae and pupae are more important to the nestlings. Both larvae and pupae are less agile compared to adults and are easy to capture. This probably explains why larvae are more abundant in the nestling diet than the adults. The ability of birds to occupy different habitats in the environment is closely related to their ability to locate and feed on food available in such environments. Japanese wagtails are usually associated with rivers (Sonobe & Robinson 1982) . However, in the present study area they were able to locate and feed on a wide range of invertebrates occurring in a range of diverse habitats such as, paddy fields, irrigation and sewage canals, roads and grass patches.
This explains their presence in the present study area even though there is no river nearby.
